Knowledge on the refractive index of ambient aerosol can help reduce the uncertainties in 8 estimating aerosol radiative forcing. A new method is proposed to retrieve the size-resolved real part 9 of refractive index (RRI). Main principle of deriving the RRI is measuring the scattering intensity by 10 single particle soot photometer of size-selected aerosol. This method is validated by a series of 11 calibration experiments using the components of known RRI. The retrieved size-resolved RRI cover a 12 wide range from 200 nm to 450 nm with uncertainty less than 0.02. Measurements of the size resolved 13 2017) and most importantly, the chemical components (Liu et al., 2014;Hu et al., 2012). Thus, there 60 might be significant variations in the aerosol RRI for aerosols of different diameters because the 61 aerosol RRI is highly related to the aerosol density (Liu and Daum, 2008) and chemical components 62 (Stelson, 1990). On the other way round, information of the size-resolved aerosol RRI can help to 63 study the chemical information and the aging process of aerosols among different diameters. Therefore, 64 measurement of the size-resolved aerosol RRI is necessary.
The instrument setup is schematically shown in fig. 1(a) . Firstly, the dried sample aerosols are 89 guided to a X-ray soft diffusion charger and then lead to a DMA (Model 3081, TSI, USA). The quasi-90 monodisperse aerosols that pass though the DMA at a given diameter are then drawn into a SP2 to 91 measure the aerosol scattering properties with a flow ratio of 0.12 lpm and a condensation particle 92 counter (CPC, Model 3776, TSI, USA) to count the aerosol number concentration with a flow ratio of 93 0.28 lpm respectively. Thus, the sample flow ( ) of the DMA is 0.4 lpm. Accordingly, the sheath 94 flow ( ℎ ) of the DMA is 4 lpm. The DMA is set to scan the aerosols diameter from 12.3 to 697 nm 95 over a period of 285s and repeats after a pause of 15 s. The combination of DMA, CPC and SP2 can 96 provide information of aerosol particle number size distribution (PNSD) and size resolved RRI. 97 On 8 th , June, 2018, the measurement system was employed at the filed measurement of 98 AERONET station of BEIJING_PKU (N39°59′, E116°18′) to test the reliability of retrieving the 99 ambient size-resolved RRI. This measurement site locates on the north west of the city of Beijing, 100 China and is about 1.8 km north of the Zhongguancun, Haidian District, which is one of the busiest (2) 109 where Qsh is the sheath flow rate; L is the length of the DMA; r1 is the outer radius of annular space 110 and r2 is the inner radius of the annular space. The transfer function refers to the probability that a 111 particle with a certain electrical mobility can pass through the DMA. For a given V, the transfer 112 function is triangular-shaped, with the peaking value of 100% and a half width (HW) of
The aerosol Zp, which is highly related to the aerosols diameter (Dp) and the number of elementary 115 charges on the particle (n), is defined as:
where e is the elementary charge; µ is the gas viscosity coefficient, ( ) is the Cunningham slip 118 correction that is defined by:
where τ is the gas mean free path.
121
Based on the discussion above, the aerosols that pass through the DMA with the same Zp, can 122 have different Dp and different elementary charges.
123

SP2
124
The SP2 is a widely used instrument that can measure the optical properties of every single particle.
125
The measurement principle and instrumental setup of the SP2 have been discussed in detail previously 126 (Stephens et al., 2003; Schwarz et al., 2006) are not considered when dealing with the aerosol scattering signals. This is achieved by just studying 141 the signals when the particle are recognized as pure scattering particle.
142
Despite that some aerosol particles are internally mixed with a small BC core, whose 143 incandescence signal is below the detection threshold of SP2, we will demonstrate that these particles 144 have little influence on the retrieved aerosol RRI. At the same time, there are some weakly absorbing 145 organic components that absorb light intensity in the near infrared range, which were termed as brown 146 carbon (BrC). These BrC components have ignorable influence on the retrieving of aerosol RRI, which 147 will be discussed in detail in section 4.2. Thus, the imaginary part of complex refractive index is set to 148 be zero in the following discussion. instrument setup of the calibration procedure is the same as that described in section 2.1. The diameters 176 of the aerosols passing through the DMA are manually changed from 100 to 450 nm with a step of 10 177 nm. For each diameter, the scattering H value and incandescence signal of every particle are analyzed.
178
When calibrating, there is no aerosol whose incandescence signal exceeds 1000 (This value depends 179 on the stability of the instrument and working conditions. It can be different for different instrument), 180 which means that the SP2 works stably and the incandescence signal channel can well distinguish the 181 BC containing aerosols. With the calibration, the relationship between the measured H and 182 theoretically calculated S can be determined.
183
The procedure of retrieving the RRI are summarized as follows: (1) measuring the scattering H 184 values at a given Dp;
(2) transferring the H into to S by the established relationship from calibration;
185
(3) calculating the refractive index with the given Dp and S by using equation 6. 191 For each mode, the number of recorded aerosol particles at a given H is fit by the log-normal 192 distribution function:
Where is the geometric standard deviation; H0 is the geometric mean value of H and 0 is the 195 number concentrations for a peak mode. The geometric standard deviation is highly related to the half 196 width of the transfer function (equation 3). The H0 is further used for discussion in the following part.
197
The H0 values of corresponding to different elementary charges are labeled with different markers 198 in fig. 3 . The is fitted to be a small range at 1.182±0.02 for different modes and different aerosol 199 diameters. In the following discussion, we conclude that the different H0 values in fig. 3 ammonium sulfate is set to be 1.521 (Flores et al., 2009) , and the C 0 in equation 6 is set to be unity.
219
The aerosol scattering intensity shows good consistence with the peak height (R 2 =0.9992), which to 220 some extent reflect the high accuracy of our proposed method. When regressing the scattering intensity 221 on the measured peak height, the value 0.36 were obtained for the slope, which means that the 222 scattering intensity can be calculated by multiplying the peak height with a factor of 0.36.
223
Validation of the calibration 224
Ammonium chloride is used to validate the method of deriving the RRI from SP2. The RRI value 225 of ammonium chloride is 1.642 (Lide, 2006) . The scattering H of the ammonium chloride under 226 different diameters are measured and analyzed. Fig. 4(b) shows the comparison between the measured 227 scattering high gain peak heights and the theoretical peak heights at different aerosols diameters.
228
Results show that the measured peak heights and the calculated ones are well correlated with 229 R 2 =0.9994, which means that the DMA and SP2 can be used to derived the aerosol RRI with high 230 accuracy. measurement. Another field measurement shows that the measured RRI varies significantly from 1.47 242 at 198 nm to 1.54 at 450 nm as shown in Fig. S4 in supplementary part.
243
The measured aerosol PNSD during the measurement has a maximum of 26400 #/cm 3 at 107 nm.
244
The mass concentration of the BC measured by the SP2 is 6.31 µg/m 3 . Based on the measured PNSD For each aerosol diameter, the Monte Carlo simulations were conducted for 10000 times. Fig. 7(a There are some BrCs that absorb the light intensity in the near infrared range. The imaginary part 309 of the refractive index at a given wavelength λ ( ) of the BrC can be calculated as: The values R ranges between 0.09 and 0.35 for different types of aerosols (Saleh et al., 2015) .
316
Based on equation (8), (9) and (10), the 1024 ranges between 0.01 and 0.024. The maximum value 317 0.024 is used for further analysis.
318
The uncertainties of the retrieved RRI when ignoring the effect of BrC are analyzed. Firstly, The 319 scattering light intensity at a given diameter with a refractive index of 1.46 + 0.024i is calculated using 320 the Mie model. Then the corresponding RRI are retrieved using given diameter and the calculated light 321 intensity with assumption that these are pure scattering aerosols. The retrieved aerosol RRI values for 322 different aerosol diameter are shown in fig. 7(b) . For the light absorbing particles, their scattering light 323 intensity is smaller than that of the pure scattering particles with the same diameter and RRI. Therefore, 324 the retrieved aerosol RRI is underestimated for most of the conditions. The differences between the 325 given RRI value (1.46) and retrieved RRI value are lower than 0.006 for all of the diameters as shown 326 in fig. 7(b) . The BrC component has little influence on the retrieved aerosol RRI. the light scattering intensity can be calculated using the Mie model and the information in step one.
335
Then the light scattering intensity was randomly changed with uncertainties of 6.8%. Finally, the 336 changed light scattering intensity are used to derive the aerosol RRI with the given diameter and 337 assumption that the particles are pure scattering particles.
338
The aerosol diameters were changed from 200 nm to 500 nm, and the simulations were conducted 339 for 10000 times for each diameter. The overall uncertainties are shown in fig. 7(c) Competing interests. The authors declare that they have no conflict of interest. 
